29) integrated circuits 


Equivalent circuit 


WM 226G 


Typical resistor values — 3.6K, 


Package 


G style FLAT-PAK 0.1 grams 
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General description 


These Westinghouse triple DTL NAND gate pack- 
ages contain three Independent NAND gates with 
individual collector resistors. Each gate has a fan-in 
capability of up to three. In addition, the WM 226G 
has a common anode point, termed the node, avail- 
able on one of the gates as an external lead in place 
of the logic diode input. This node permits added 
fan-in with use of diode expander arrays WM 217G 
and WM 227G. Also, the collectors of two or more 
gates may be connected together to form an AND- 
OR-NOT function as shown in Figure 14. 


NAND/NOR function 


This gate accomplishes the NAND logic function 
when the positive logic definition is used. When 
negative logic is used, the gate accomplishes the 
NOR logic function. Positive logic results when the 
more positive of the two voltage levels is defined as 
the 1-state. 


Positive logic Negative logic 
A A 
B G B G 
C C 
G=AeBeC G=A+B+C 


Design features? 


® Fan-out 11 minimum 

® One state noise margin 3.80 v minimum 

® Zero state noise margin 550 mv minimum 

® Switching time 40 ns maximum 

® Power consumption 15 mw maximum per gate 


Reliability assurance 


EVERY unit receives 

® High temperature storage bake at +150°C 

® 3 cycles of thermal shock —65°C to +100°C 
@® 30,000 G centrifuge 

® Gross and helium hermeticity tests 


+At Vcc = 6.0 v and at 25°C 


August 1965 
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Page 1 of 6 


WM 226G 
WM 236G 


triple DTL NAND gate 
technical data 91-212 


Parameter Symbol 


Static electrical characteristics for V,, — + 6.0 volts 


Total power consumption 
Outputs ZERO-state ........-...04065 
Outputs ONE-state .............056- 
50% duty cycle. . ses sawees sees 


[nput current, input grounded............. 
Node current, node grounded............. 


Input logic levels 
ZERO-state ............. awe Hes ore 
ONE-state .. 1... 1. eo + seeyenguars eapmetarier 

Input diode reverse current............... 
with Vi, = 10 Vv, Voin = O V 

Output current with Vin = Vmin, 1 
at specified Vce(sat) ................ Vce(sat) 

Output short circuit current............... Isc 
WIEN Vin = 0 VONS 6 aces cceos qeocperocanes 

Output voltage with Iout =O 1... eee ee 
and Vin = Vmax, O .... . 0% werare ald wes 

Fan-out available each gate.............., 
for Veg = 6.0 volts +5% ............ 

ZERO-state noise margin@................ 

ONE-state noise margin@)................ 


Switching time (see Figures 1 and 2) 
TUFD-ON IMG: aso ee eens bees eas hese 
Turn-off time ..................... 
Average switching time.............. 
(Ton + Toff) © 2 2... ee eee 
Ring propagation delay time (see Figure 11, 
ring of 15 gates, Co = 10 pf)......... 


Input voltage 
Node voltage 


Absolute maximum ratings©® 


Supply voltage ............, +10 
5, ae: Sieh ke. Goo +10@ 
ee Tee re +1.2, —7 
Output voltage ............, -+-7 (2) 
Ambient storage temperature . . — 65 to +175 
Ambient operating temperature —55 to +125 


Values at temperature 


Units 


volts 
volts 


ns 
ns 
ns 
ns 


ns 


@ Limiting values beyond which the serviceability of the device may be impaired. 


@) These terminals must not be biased negatively with respect to ground. 


@ Minimum ONE-state noise margin is given by (Vout, Min—Vmin, 1) where Vout is the minimum ONE-state output, and 


Vmin. 1 is the minimum ONE-state input for ZERO-state output. 


Minimum ZERO-state noise margin is given by Vmay, 0 — 


Vce(sat) where Vmax is the maximum input voltage for a ONE-state output and Vce(sat) is the maximum output voltage 


in the ZERO-state at rated fan-out (6 or 11). 


I Voc 
| NAND gate 
' equivalent load 
input output Ry 36K2+1% 
pulse 
generator | 


| 
| 
—— diodes — 


pms GUS WS anh One tgs Gee OS Oe le Ge ew es as (ee ee —! 


Figure 1 Total capacitance C, is 10 pf which includes 
test Jig and scope probe. Unused inputs are 


open circuited. 
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Figure 2 Average switching time: Tavs = 


gate output 
100% 


input pulse 100% 


__ Ton + T ott 


2 

Input pulse is 15 ns rise and fall, 200 ns 
width, 6 volt amplitude, and 100 kc repeti- 
tion rate. 


Typical electrical characteristics 


Output and input current versus 
temperature and supply voltage 


i 


40 


Output current, I,,,,,™ 
I) Ww 
=) =) 

| i 


id V our = 0.45 v for | 
Mica 2 VIO la. 
Vin OY for I. 


0 0 


—55 -25 0 25 50 45 100 125 
Figure 4 Ambient temperature in °C 


Output current, |, ™ma 


MoD ee 


Vi,z= 2.3 v for I, 
V,,=Ovforl,, 


V sot = 0.45 v for lou 
V\, == 2.3 v for lou 


. VV, = Ov fort, 
E 
¢ 
2 
= 
oO 
3 
cL 
=| 
o 
. Ambient temperature in °C 
Figure 6 


Input current, [;,, ma 


Input current, |,,, ma 


Input current, I,,, ma 


WM 226G 
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Output saturation characteristic 
versus temperature 


Output voltage, volts 


V.,=1.7 vat 125°C 
= Me==2.0vat 25°C 
Vi, = 23 vat—55°C 


0 10 20 30 40 50 60 
. Output current, ma 
Figure 7 E 


Output voltage versus input 
voltage and temperature 
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Figure 8 Input voltage, volts 
ae) oe ee ee eee ee 
uy 
8 
Sp 4125°c\+25°c |—55°c 
3 
e 
= Fan-out = 6 
. (600 9 load) 
Vic = 6.0 volts 

| a 2 3 4 #6 8 10 2.0 3.0 

Figure 9 Input voltage, volts 
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Power consumption (50% duty cycle) Fan-out test circuit (all gates) 


Power consumption, milliwatts 


Ambient temperature in °C 


Figure 10 


scope 


6.0 (>- 
Ov 


Other inputs (VQ) held at: 

I—state, V,, = 2.0 vdc, dashed lines 

Q—state, Vo, = 0.4 vdc, solid lines 

See figure 13, below 

Cg = 35 pf exclusive of device 
capacitances. 


Figure 12 


Ring propagation delay time versus Propagation time versus fan-out 


supply voltage and temperature 


Fan-out of one each 
C, is capacitance at each output 
Unused inputs open 


Ring propagation delay time, ns 


Tipd = (30 © fog)? 


ase 


Supply voltage V.., volts 
e) 2 4 6 8 10 


25°C power consumption per gate, milliwatts 


Figure 11 


Pair delay per gate, ns 


Vi. = 6.0v 
lame = 25°C 


Test circuit capacitance = 35 pf 


Fan-out 


Figure 13 


12 
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AND-OR-NOT function Fan-out available versus number 
of additional gates paralleled 


A 
B 


Veo = 6.0 ¥ 

Curves are for the worst case 
condition of only one of the 

C Np -++ I gates saturated 


G=R once D 


Figure 14 


Fan-out available at 25°C, Fo 


The AND-OR-NOT function is obtained by connect- 
ing together the terminals of two or more gates, as 
illustrated in Figure 14. In this configuration, two 
levels of logic are accomplished in one gate switch- 
ing time. 


For complete listings of compatible Westinghouse 
DTL integrated circuits consult Quick Reference 
Guide 91-000. For price information, consult OEM a a a 
price list 91-120. All product specifications are 
subject to design change for product improvement. 


Figure 15 
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WM 226G 
WM 236G 


View showing the extensive cleanroom facilities in continuous op- 
eration for the manufacture of Westinghouse Integrated Circuits. 


Westinghouse Electric Corporation /MOLECULAR ELECTRONICS DIVISION 


BOX 7377 ELKRIDGE, MARYLAND 21227 e BOX 305 NEWBURY PARK, CALIFORNIA 91320 
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